We investigate the relaxation dynamics of nonequilibrium carriers in organic conductors -ðBEDT-TTFÞ 2 Cu½NðCNÞ 2 X (X ¼ Br and Cl) using ultrafast time-resolved optical spectroscopy. The dynamics for both salts show similar temperature dependences, which is well characterized by the carrier relaxation across the pseudogap (PG) of the magnitude Á PG % 16 meV for Br salt and 7.0 meV for Cl salt. On the other hand, only the Br salt shows an abrupt increase of the decay time at low temperature, indicating an additional decay component associated with the superconducting (SC) gap below T c . The fluence dependent dynamics at low temperature evidences the superposition of the SC component onto the PG component. These results indicate a metallic-insulating phase separation in the Br salt triggered by photoexcited nonequilibrium carriers.
Investigations of nonequilibrium carrier dynamics in strongly correlated electron systems (SCES) have provided new insights into the underlying physics of the correlation and the interactions driving the phase transition. Timeresolved optical pump-probe technique is one of the major experimental techniques to measure such dynamics, where the nonequilibrium distributions of carriers and phonons are induced by an intense pump pulse and their relaxation is traced by a weak probe pulse after the pump pulse. Owing to the high sensitivity in the time domain, the technique allows us to resolve the electronic state stationary points and band extrema near the Fermi energy (E F ). Recently, the framework for analyzing the transient data has being elucidated for various SCES such as high-T c superconductors (SCs) [1] [2] [3] , heavy fermions [4] [5] [6] , transition metal oxides [7] , and other related compounds [8] . The application to organic SCES is especially interesting because of their rich variety of electronic ground states which can be tuned by (chemical and/or physical) pressure, temperature, and external fields including photoexcitation [9] [10] [11] [12] [13] . Since such variety of electronic ground states leads to a complexity of the transient data even within the short time, none of the previous reports have yet been successful in identifying the relaxation processes.
In this Letter, we report the relaxation dynamics of photoexcited carriers in organic molecular salts -ðBEDT-TTFÞ 2 Cu½NðCNÞ 2 X [BEDT-TTF denotes bis-(ethylenedithio)tetrathiafulvalene and X is a counteranion] using the optical pump-probe technique. We compare the dynamics of an isostructural pair of organic salts, X ¼ Br and Cl [ Fig. 1(b) ], as a function of temperature (T) and photoexcitation fluence (F ). Except for the SC phase of Br salt, T-dependent dynamics for the two salts are well characterized by a carrier relaxation across the pseudogap (PG). On the other hand, only the Br salt shows an abrupt increase of the decay time when lowering T below T c , indicating an additional decay component associated with the SC phase. F -dependent dynamics at low T evidences the superposition of the SC component onto the PG component. The presence of the PG and its coexistence with SC below T c indicate a metallic-insulating phase separation triggered by photoexcited nonequilibrium carriers.
In the experiments, transient reflectivity changes (ÁR=R, where ÁR is the reflectivity change upon the photoexcitation) were measured on the ac plane of the single crystals of Br and Cl salts [ Fig. 1(a) ], which were mounted in an optical liquid-He flow cryostat. Samples were cooled slowly at a rate of <1 K= min . We employed a coaxially aligned two-color pump-probe technique with an on-axis lens (f ¼ 50 mm), allowing for the precise spatial overlap between the beams. The probe pulse was derived from a 250-kHz Ti:sapphire regenerative amplifier [RegA, E pr ¼ 1:55 eV (800 nm)] and the pump pulse was from a signal of an optical parametric amplifier [E pu ¼ 0:95 eV (1300 nm)] pumped by the RegA. The time resolution was $75 fs. The effect of steady state heating is negligibly small due to the low repetition rate of the laser, which improves the precision of the T much better than the measurements using high repetition laser [14] . The fluence of the pump pulse (F ) ranged from $10 to $400 J=cm 2 while the probe fluence was $3 orders of magnitude smaller than the pump. The beam diameters of the pump and probe pulses were measured to be 40 and 30 m at the sample position, respectively. Since the dielectric constants in the near-infrared region are roughly identical in each -type salt, the penetration depths were estimated from . At T ) 100 K, ÁR=R in each salt is nearly identical and shows an instantaneous transient response, whose is as fast as $0:5 ps. Upon lowering T below $100 K, A for both salts shows a gradual increase together with a slight increase of . Further lowering of T accelerates these trends and shows plateaus around the lowest T. Over the whole T range, T dependence of A is quite similar between the salts, which is more clearly shown in the inset of Fig. 2(a) , where we optimized the normalization of A to enhance the similarity and plot them as a function of logT. On the other hand, only Br salt shows an abrupt change of , which occurs at the SC transition temperature T c % 12 K [ Fig. 2(b) ]. In the corresponding T region, the Cl salt shows a plateau. Except for this difference, ðTÞ is indistinguishable between the salts.
From its T dependence, the additional increase of for Br salt can be assigned to the SC gap formation. The presence of the SC dynamics is also manifested by the pump fluence F dependence. In Fig. 3 , we summarize F dependences of ÁR=R at T ¼ 5 K for Br salt and T ¼ 10 K for Cl salt, respectively. As shown in Figs. 3(c) and 3(d), the relaxation time is strongly F dependent in Br salt while only weak F dependence is seen in Cl salt, each of which is consistent with the observed T dependence of . Moreover, in Fig. 3(a) , the deviation from the single-exponential decay is apparent for the Br salt, indicating the presence of the SC component with a long decay time. To further clarify the component, another density plot of ÁR=R at the lowest F is shown in the inset of Fig. 2(b) . Although the signal-to-noise ratio is relatively low, which cannot allow the precise estimation of A and , we find a distinct change of ÁR=R at T c , where the long-lived decay component emerges.
The F dependence of A is shown in the insets of Fig. 3 (c) (Br salt) and 3(d) (Cl salt). For the Br salt, we also extracted the amplitude of the slow component (A s , triangle) by assuming the relaxation with a infinite decay time. With increasing F , A for each component first increases linearly, and then deviates from the linear F dependence. The latter is a signature of saturation and can be associated with the smearing of the gap [2] . The saturation fluence for A s is much lower than that of the fast decay component, which is consistent with the restricted density of states for the SC condensation. After the saturation, the fraction of the SC component to ÁR=R becomes small as compared to the fast decay component with higher saturation value. As a result, the fast decay component becomes dominant in ÁR=R while the longlived SC component increases with decreasing T below T c , as shown in Fig. 2(b) .
We now turn to consider the relaxation dynamics of the fast decay component for Br salt that corresponds to the single decay component for Cl salt. The monotonic increases of A and with decreasing T, as is observed in both salts, has been ascribed to the PG nature in the context of the phonon mediated relaxation process [1, 3, 8] , where the Kabanov model allows one to check the consistency of the process and to evaluate the magnitude of the gap. In the model, the signal amplitude A in the weak photoexcitation regime, which should be proportional to a photoexcited population of carriers n pe , is given by [3] n pe / AðTÞ
where B is a variable constant for the fit and we assume a T-independent gap Á PG . The weak photoexcitation condition is justified by the fact that F is well below the saturation condition. The solid lines in Fig. 2(a) show the best fits to the data in each salt, where the magnitudes of the gap are found to be Á PG % 16 meV for the Br salt and 7.0 meV for the Cl salt. We stress here that the T-dependent dynamics characterized by PG are ascribed to the fast decay component for Br salt, and at T < T c there also exists the long-lived SC component, i.e., the coexistence of SC and the PG. We first discuss the PG component in the Cl salt. The previous optical conductivity measurements have suggested the existence of the PG in this compound, which is composed of the Hubbard bands and connected to the semiconducting nature at higher T [16, 17] . The optical conductivity spectra also suggested an opening of the T-dependent gap associated with the Mott-insulator transition when lowering T below 50 K. The magnitude of the T-dependent gap derived from the lowest spectral weight was estimated to be on the order of 100 meV, which is much larger than Á PG obtained from our transient data. However, this difference is accounted for by the fact that the optical conductivity measurements probe the direct gap while the pump-probe measurements include the sensitivity to the indirect gap.
Next we discuss the results of Br salt: T-dependent dynamics characterized by PG and coexistence of SC and PG below T c . For Br salt, the presence of any type of gap has not been assigned by the optical conductivity measurements, in which a Drude-like coherent peak obscures the spectral shape around E F at low T [12, 16] . On the other hand, it has been observed by various measurements that a rapid cooling of Br salt gives rise to a phase separation between metal and insulator [18] [19] [20] . Such phase separation is consistent with the PG in our transient data and also with the coexistence with the SC component below T c . It has also been suggested that the phase separation is due to a glasslike structural transition at T g % 80 K [20] . In this case, the cooling rate across T g strongly affects both the metal and SC properties in Br salt. In optical pump-probe measurements, the initial pump pulse excites nonequilibrium carriers in excited states, which is virtually equivalent to an increase of the electronic temperature. The carriers immediately relax down to the states near E F via electronelectron and electron-phonon scattering, resulting in a quasiequilibrium condition of carrier and phonon populations. These processes are completed within the rise time of ÁR=R, which is estimated to be $0:3 ps [see Fig. 1(e) ]. Therefore, the situation close to the rapid cooling could be realized through the nonequilibrium carrier relaxation.
Although the connection between the nonequilibrium carriers and structural transition is unclear, the structural transition itself is suggested to be governed by either the terminal ethylene groups of BEDT-TTF molecules or the polymetric anion chains X [20, 21] . Since our pump energy of E pu ¼ 0:95 eV corresponds to the intramolecular or intradimer transition, the photoexcited carriers can induce a configuration change of the BEDT-TTF molecules, leading to a photoinduced phase separation. Indeed, the specific heat measurement has revealed a reduction of T c with increasing the cooling rate, suggesting that the incomplete structural transition induces a negative pressure, which shifts the system towards the antiferromagnetic state [18] . This is evidenced by the similar trend achieved by the deuteration of Br and is consistent with our result that T-dependent PG in Br salt is almost identical to that observed in Cl salt. Here we note that no remarkable reduction of T c was observed in our nonequilibrium measurement. Since the phase separation induced by nonequilibrium carriers is restricted within the photoexcited volume, the ordered SC phase will be recovered at least within a repetition time of the pulse sequence (4 s). In the same manner, the equilibrium phase above T c is expected to be metallic before the pump pulse excitation. It is important to note that the photoinduced insulator to metal transition has been reported for the deuterated-Br salt, where the transition is suggested to occur due to intradimer molecular displacement induced by the intradimer excitation [13] . Although the spectral change observed for the deuterated-Br salt indicates that the photoexcitation acts as a positive pressure, which is opposite to our case, it is possible to consider that the similar intradimer molecular displacement stimulates the phase separation for the hydrogenated Br that initially belongs to the metallic phase.
Finally, we comment on the coexisting PG and SC states for Br salt. The coexistence of the two gaps has been observed in various high-T c superconductors [1, 2, 6, 8] , and two possible origins have been suggested: spatial phase separation and/or two gaps at different points in k space. Here the structural disorder obtained by the rapid cooling process is argued to be responsible for the former. However, it is important to note that band structure calculations predict bands crossing E F at different points in k space [22] .
In summary, we have studied the relaxation dynamics of photoexcited carriers in -type BEDT-TTF salts. The dynamics for an isostructural pair of the salts, X ¼ Br and Cl, show a similar T dependence, which is well characterized by the relaxation bottleneck due to the presence of the PG with Á PG % 16 meV for the Br salt and 7.0 meV for the Cl salt. Below T c we found an additional decay component in the Br salt, which is associated with the SC phase, indicating the coexistence of the SC and PG phases. The coexistence suggests the presence of the metallic-insulating phase separation in the Br salt as a consequence of the photoexcitation.
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